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Introduction 
 
 
Individuals with hearing loss undergo exertion with the change in the auditory 
environment they are exposed to throughout the day. This fatigue causes individuals with 
hearing loss to expend more effort in order to achieve the level of speech understanding 
that a normal hearing individual would under the same environmental circumstances 
(Gosselin and Gagné, 2011). Because of this, hearing aid users experience listening 
fatigue by the end of the day, especially in the presence of background noise (Rabbitt, 
1991). This listening fatigue affects school aged kids and their ability to perform and 
succeed on grade level in the classroom. Older adults are also heavily affected as their 
speech understanding naturally reduces with age.  
Increasing audibility for individuals with hearing loss is addressed through digital 
hearing aids, which aid in reducing individual’s auditory and cognitive strain. The digital 
noise reduction (DNR) feature adds gain to signals identified as sounds and reduces 
signals identified as noise, allowing the affected individual to more easily distinguish 
speech in the presence of background noise, ultimately reducing the effect of listening 
fatigue experienced by the individual. Research suggests that DNR may be capable of 
reducing the effects of listening fatigue through evidence that shows a faster response 
time in individuals with DNR than in individuals without this feature (Sarampalis et al, 
2009). In response to this, subjective questionnaires have been rated showing the same 
amount of listening fatigue despite being an aided or unaided listener. Thus the goal of 
this study and future studies is to understand DNR and its level of success in reduced 
listening efforts and fatigue. 
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The purpose of this study is to measure response time in normal hearing 
individuals in order to determine if listening fatigue is reflected as a change in response 
time. 
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Methods 
This study was conducted at James Madison University in the Hearing Aid 
Research Laboratory (IRB protocol # 15-0050). Individuals 18 years or older were 
invited to participate by word of mouth. The inclusion criteria for participation includes: 
normal hearing listeners with thresholds less than 20 dB from 250 to 8000 Hz, no traces 
of ear pathologies or ADHD, and no current intake of strong medications, caffeine, or 
alcohol prior to the study. Each participant began with a free audiologic screening to 
eliminate the possibility of any hearing loss or ear pathologies. This audiologic screening 
included an otoscopy, tympanometry, and a pure tone screening of 250-8000 Hz at 20 dB 
HL. The subjects received free hearing screening through participation in this study. 
After the participants hearing screening they began the study, which consisted of 
three components: a pre-test, a fatigue inducing condition, and a post-test. Both the pre 
and post-test had two measures, a response time test and a self-reported listening effort 
questionnaire. 
 
Figure 1. This figure explains the three components of this study. 
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The study was conducted in a double walled sound booth in the Hearing Aid 
Research Laboratory (2.75m x 2.5 m x 2m internal dimension). During the pre-test, the 
participant were seated in a comfortable chair with earphones on and access to a seven-
option response pad (Cedrus RBX 730), both hooked up to a dedicated personal computer 
running Superlab 4.5 stimulus presentation and data collection program (Cedrus, CA). 
Nonsense syllables were presented through the earphones at 5 dB SNR, and 10 dB speech 
to noise ratio (SNR). SNR is the difference in the speech stimulus and the background 
noise when both are presented simultaneously. Zero dB SNR occurs when both the 
speech stimulus and the background noise are presented at the same decibel level. Each 
nonsense syllable was presented to the participant through earphones while the response 
was collected by pressing one of the seven response buttons in a closed-set paradigm. 
After the auditory stimulus was presented, the participant’s goal was to quickly select the 
correct nonsense syllable. Each of the seven nonsense syllable options was presented in 
random order. After the first round of nonsense syllables was presented, there were eight 
more sets of different nonsense syllables to complete the reaction time task. The Superlab 
software recorded both the participant’s response time as well as their accuracy.  
 
Figure 2. A participant completing the response time test component of this study 
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The second component of the pre-test consists of a self-reported five-question 
questionnaire in which participants subjectively rate their listening effort on a five-point 
scale (from 1 = least amount of effort exerted and 5 = maximum amount of effort exerted) 
during the response time test. The five questions are below: 
 
1. Did you have to concentrate very much when listening to someone or something? 
2. Did you have to put in a lot of effort to hear what is being said in conversation 
with others? 
3. Could you easily ignore other sounds when trying to listen to something? 
4. How well can you maintain your focus and attention right now? 
5. How mentally/physically drained are you right now? 
 
Immediately following the pre-test, the participant engaged in the effortful 
listening task. This task required the participant to listen to 30 minutes of speech in noise 
at -2 SNR at a comfortable listening level (see figure 2 below for calibration procedure). 
This portion of the study was taken from the Connected Speech Test (CST); the speech 
listened to was both meaningful and grammatically correct. This portion of the study 
introduces effortful listening, as it requires participants to listen and take notes despite the 
noise level being 2 dB higher than the speech presented at an 8-talker babble. This 
requires maximum effort and attention in order to attain consistent results. To ensure that 
the participants were not tuning out, they were required to write down the gist of what 
they heard during the effortful listening task.  
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Figure 3. A participant adjusting the volume of the iPod to a comfortable listening level.  
 
Immediately after the thirty minutes portion of the effortful listening task, the 
participants started the post-test. The post test involved exactly the same reaction time 
and subjective questionnaire.   
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Data Analysis 
 
After the pre-test, fatigue-inducing condition, and the post-test were completed 
the data was coded, analyzed, and sorted onto an Excel spreadsheet. As a research 
assistant my primary job was to provide quality control and organize the data in the Excel 
format. These data files were later exported into SPSS for detailed statistical analysis. 
The reaction time and self-reported scores from the pre and post-tests were compared to 
find out if the fatigue inducing condition resulted in a significant change. A poster 
presented at the Annual conference of the American Academy of Audiology is attached 
in Appendix I. 
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